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magnet? What is meant by poles of a magnet? 
eg | 


QUESTION #1. What is a 
at trength of poles represented? 


How ar h 
ANSWER #1. A bedy which will attract iron or steel is called a 
magnet. A handful of iron filings, when placed on 
a sheet of paper or glass above a bar magnet, will ~ 
arrange themselves in lines, passing around the mag- 
net frem one end to ancther. The lines will come out 
of one end of the magnet and enter the other end, 
Those regioris where the attrsction for iron or steel 
is the greatest, are called the poles of a magnete 
“he region where the lines come out ig called the 
North pole arid the rezion where they enter is calleé¢ 
the south sole of a bar magnete These poles are not. 
points but entire regions. No matter where the lines 
come out of a magnet, that part is a North pole and 
likewise, wherever they enter is 2 South Pole. The © 
strength cf these poles is represented by magnetic 
lines of force. They always leave the magnet at the 
North pole and enter it again at the South pole. 


lUESTION #2. What ig meant by magnetic lines of force? A magnetic 
field? 
ANSWER Fle The term "magnetic lines of force" is used to repres= 
ent the direction and amount cf force in a space. 
A magnetic Line of force forms a complete circuit, 
leaving the North pole traversing the air around the 
magnet, entering the magnet again at the South pole 
and flowing within the msgnet from the South pole 
back to the North pole. 
4& space in which there sre magnetic lines of force is 
called a msgnetic field. The magirietic field of a 
magnet has the nature of a whirl, and is the flux 
or current of magnetism flowing around its circuit. 
It must be thoroughly understood that the flux flows 
in a complete magnetic circuit. The lines 3o not 
start at the North pole and end at the South pole. 
Dhey continue through the magnet from the South pol 
to the North pole thus forming a complete circuit. 


UESTICN #3.:Vhat tyre magnet produces no magnetic field? What are 
, the uses of this magnet? what is meant by a broken- 
ring or horseshce magnet? What are ite uses? Why? 


ANSWER eS. & ring magnet produces no external field. The lines 
of force all lie within the material, so that such 
a2 magnet has no polese This type of magnet is used | 
in transformers and types cf meters where no exter- 
neal field is desired, 

A broesene-ring or herseshce magnet is s ring magnet 
which hes been broken sc that two roles are produce 
d, having a very strong external field, smell in 
area. This tyre of magnet is used to form the mag~ 
netic circuit of moters and generators. It is used 
because motors and generators require a very intengs 
field in a limited air space so that a meximum num-/ 
ber of lines will be cut. 


lURSTION #4, Define reluctance. 


ANSWER 


#4, The resistance which a substance offers to the magnet. 


ie flux is called the reluctance. Just as the resis 
tance which se substence offers te an siectrical eur 
rent ig cglied the resistance. Copper and aluminum 
is used in an electrical circuit because the resis- 
tance they offer to a flow of electrical current is 
low. Similarly, iron and steel are used in s magnet 
ic circuit because they have a yery low reluctance. 
In some cases the magnetic flux is made te flow thr 
sir. An electricsl eurrent is never made to flow 
thru air because the registanee is very high. But 
the reluctance of air is low in comparisone Were the 
rsluetanece of air as much greater than the reluctane 
of iron then the resiatanee of sir is greater than 
the resistanse it would be imrossible to make a 
powerful electromagnet such as is required in a géen~ 
erator or a motor, Eecause the reluctance cf iron 
and steel are less than sir, the limes of force trav 
@ling frem the North Pole of a magnet, through the 
surrounding air space to the South Pole, would he 
deflected by a pieee of iren cr steel near the path. 
A greater number of lines would be set up in the ir 
entering at one end and leaving at the other, thus 
making the piece of ircn or steel, temporarily,a mag 
net. The region where the lines left the piece ef 
Lron would be the North Pole. The lines would go fr 
there back to the South Pole cf the magnet. Therefor 
we have two magnets with umlixe poles sdjacent and, 
since the Lines ef ferce have a contracting nature, 
like a rubber band, the unlike poles would attract 
each other. This explains the attraction of a piece 
of iron or steel te a permanent magnet. From this it 
is plain to see that, if it were desired to have a 
certain air space free from magnetic lines, it is 
cnuly necessary to place ge shield of soft iron in the 
field. As the reluctsuce of iron is lower than that 
of air, most cf the lines would travel through the 
iron, and the sir would be practically free. In this 
case the gpace is not insulated from the magnetic 
flux, but the fiux is ghunted around it. 


OUBSTION #5. Exvlain briefly the compass. 


ANSWER 


#5-¢ A magnet free +o turn, is ¢alled a gompass. A compass 


placed iri a magnetic field will turn until it points 
in the direction cf the lines of force. Since the 
lines of force leave a magnet at the North pole, tra: 
vel through the air space around the magnet, and ene 
ter the magnet again at the South Pole, a compass 
will pcint towards the South pole of the magnet. A 
compass is most commeniy used to indicate directione 
It is able to do this tecause the Zarth is a large 
magnet, gircular in shape, the fiux ieaving the “Sart! 
at the North pote and traveling uniformly over the 
surface of the Zarth and entering again at the South 
pole. This seems in error as 8 compass will point to: 
wards what ig commonly called the North pole but it 
should be remembered that this is the Geographical 
North Pole which is the Magnetie South Pole, not 
quite the same place but near the sama nlac@. 


QUESTION #6. What is the right hand or thumb rule for wire? For 
coil? 


ANSWER #6. The right hand or thumb rule for straight wire is as 
follows: Grasp the wire with the right hand so that 
the thumb points in the direction of the current, 
the fingers then will point in the direction of the 
magnetic fieid around the wire. 

For a coil: Grasp the coil so that the fingers point 
in the direction of the current around the coil, ange 
the thumb points to the North pole. 


“UBSTICN #7. How can a coil of wire be constructed so it would be 

equivalent to a bar magnet? 

ANSWER #7. A wire formed in the shape of a loop will have lines 
areund it, all leaving on the same face and all ene 
tering it om the other face. The lines around sever 
al of these loops placed closely together would hay 
no chance to fall between the loops and must contin 
ue around all of the loops before entering again. 
Thus it is seen that these lines act the same as the 
lines from a bar magnet. The coil (consisting of se 
eral loops closely wound) would act the same as a 
bar magnet, having a north pole and a south pole. 


CURSTION #8. Explain the principles of electromagnets. 


ANSWER #8. The core in the above described coil is air. If a core 
of iron were substituted for the air core, many more 
lines would be set up, on account of the low reluce 
tance of iron and a much more powerful magnet would — 
be the result. This is the principle of electromeg= 
nets. Coils of wire are would around a number of coe 
res of soft iron. As long as there is no current goe 
ing through the coil the iron is not a magnet. The 
face of the iron cores is brought into contact with 
pisces of iron or steel and the current is turned on 
The iron cores now become strong magnets and will 
lift many pounds of iron or steel per square inch of 
core. AS many as 150 to 200 pounds per square inch. 
This principle is also the basis of generators and 
motorse Coils of wire are wound around a soft iron 
core which is bens in a horseshoe shape. Therefore 
the magnetic eircuit is entirely msde up of iron ex- 
eept for the small space between the two poles, wher 
the armature is inserted. Most of the armsture is 
made of iron so that the magnetic is almost totally 
composed of iron. A very intense magnetic flux is 
set up which will induce a proportionally high EMP 
when the lines of force are cut by the wires of the 
revolving armature. This principle is also utilized 
for circuit breakers, etc., where the core is integ= 
rai with the switch. A coil of wire is wound loosely 
around the end of the core and when the current bee 
comes excessive in the circuit a strong magnetism 
results and the soft iron core is sucked up into the 
eenter of the coil, breaking the circuit. The strong: 
est attraction exists when the center of the iron 
Plunger Nearly coincides with the center of the coil, 
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“9, What is the unit of: msgnetia current or flux? Magnet 
ie vressure or megnetomotive forse? Mesenetice resist- 


anes or reluctance? 


£9. The unit of magnetic current or flux is "Magnetie 


lines of forse” sometimes abbreviated "Lines"” and 
ig represented by the Greek letter "f" {pronounced 
phi}. One line of force is equal te one maxwell. 
The unit of magnetic pressure or msgnetomotive force 
is the "Gilbert" and is represented vy the letter 


Typ i 
The unit of magnetic resistarice or reluctance is the 
"Oersted"” and ig represented by the script letter 


ge 


Y #10. What is Gilbert and ampere turn equal to? 

The product of the number of turns in a geil by the 
amperes Plowing through the turns is called the 
eee & gilbert is equal to 0.4 pi « 

26 times the preduct of the amperes flowing in 
th @ coll by the nmumber of turns of wire in the 


coil. 
fll. What magnetic pressure would be set up if 4 amresres 
flowing in 750 turns of a eoil wound on 8 wooden ring 


fil. Where: Fos magnetic gressure in gilbertes. 
04 al = eed 
N = Number of turns in coile 
I = amperes flowing through coil. 
Formula: Hos Leeéat 


ia} 


Substituting: = 1e2656 *« 750 x 4 = 3780 gilberts.Ans 
#12. Yrite Ohm's Law for magnetie eircuite and give slge- 
braic symbols and equations. 


z Gilberts 


#12. Magnetic Lines or & = 3 
*Y 


Oersteds 
o OLlt es Ww 
Serateds = Gilberts ot Z 2 2B 
Magnetic lines a 
Gilberts = Magnetic lines x Cersteds 
or 
Foz ay 


wneres 


Magnetic lines. 
Cergs$eds. 


“was, A bey 
98 
died 
BF 
49Q 
eh wf 
ca Oo 
ct 
ere 
oo 
x] 
hs 
| rie 


a 8} 


#13. A magnetic circuit is composed ef iron. The coil has 
280 turns. When 3.6 amperes are sent through the coil 
a flux of 3000 lines is set up in the iren sirenit. 
What is the reluctance of the eireuit? 


ANSWER 


ANS 


WER 


"16. 


#16. 


te } es R = = 
ormula: f= Ee Lee6NT 
$ $ 
Substituting: 
7 
go 1686-8 240 x 3.6 = 31.752 
. 209 75 
75 
= 4256 cersteds. Ans. 


How many 8 
wooden rin 
600 lines? 
There are 


Formula: 


s |r x 
be GO ah 
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Wheat materials are known as magnetie substances? Non 


magnetic substances? 


Irom and steel are known ae the magnetic sue 
Any substance other than iron or steel is kr 
8 nonemagnetic substanee. There are a few os tion 


nickel, cobait, and alloys are magnetic to some exe 
fant though far less than iron or steel. 


How is the reluctance of non-maanetie substances com 


The formula fer finding the reluctance of a magnetic 
@ireuit ig similar to the formuia for finding the 
resistanse r electrical cirenit. 

To find the re ance of s copper wire of any size 
er length, oiea ply the resistance of one mil foot 

of Reibee by the length in feet, and divide by the 
eross section erea in circular milse 


To find ue reluctance of a portion of any magnetic 


circuit composed of any meterial, except iron or 
ateel, multiply the reluctance cf as eantimeter cube 
of air (which is the same a3 ali aon=megnetie sub- 


stances) by the length of that part of the oe 


in centimeters, and divide by its cross-section a 
in square cen ntimeters. The reiuctarnce cf as centime= 
ter cube of air is i. ‘The formula follows: 


d 


1x. Where: & = reluctance in cersteds. 
R= — L * length im centimeters. 
é A = grea in square centimeters 


QUESTION #17. 


ANSWER #176 


#18. 


#186 


ANSWER #19. 


rveluetanee ef an sir gap which is 1.4 
gquare and 1.2 centimeters long. 


Compute the 

centimeters 

Lx iL 
A 


Formula: x = 


since ae area of a square i8 Sqneal to the square of 
} ide; 


po lx = 23 
1.4 x 1.4 049 


e 661664 cersteds.in Ze 


ey 


HoW many ampere-turns are necessary to send 1000 
lines throw igh an sir gap 0.26 eentireters long with 
& eross section area of £ centimeters by & centimeters 
Formula: Fos of 
a : wis 
1.26 NI sf = € x = 


tes 
RI 
48 


am 
‘a: 
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How does the flux st the ends cf an sir core (long _ 

eoil} compsre in strength with the flux st the center 

Practizall; offered to the flow 
of magne (leneth at least 
ten time £ which is air 
or othe that reluctance 
offered | etic substance 
within th é coming out cof 
one one) peth of zero 
reiuchar ther end of the 
coil. 

But all of the lines of foree created by the coil, do 
not reach the end ef the coil, about half of them 
leak out through the sides and return to that pare 
tieular loop, so the flux at the ends of such a coi! 
is one helf of that 12 Oantere 

To find the flux at + yr of such a coll, we mere 
ly follow the law £ t @ircuites: Lines of 
feree ig equal to +4 etomotive force divided 
hey the reluetance. =] gnetemotive foree is 
equal to pen Ohta ne L anes of air or other 
non-magnetic suds sta times length divided by 
erogs geo% ton. area She center of a. suc} 
@ coil is found by 6NI by the reluctanes 
of the sir within tks find the flux at the 
ends of the coil, divide ux at the center by « 


om 


SUBSTICN #20. What magnetic flux is set up in-the sir eore (long 
ecil) of 100 eentimeters long and 1.5 centimeters in 
diameter, if it consists of 4500 turns in which 0.35 
amperes is flowing? w hat magnetic flux is set up at 


the ends? 


ANSWER #20. Formula: @ = 


B 
4 
ra 


Since a ¢oi) is circular, the cress section area in 
square centimeters is equal to the diameter square 
times pi over 4 {.7854),. 


Substituting: 


x_ «7854 » 


= 27,2759 lines at center cf coileAns 
eared = 13.6379 lines at ends of ecil. Ans. 


QUSSTICN #21. How does the reluctance of iren and steel compare wi 
the reluctsnee of non-magnetic substances? 


ANSWER #21. The reluetanee of iron snd steel ranges from 22016 to 
9,00025, depending on the grade, which is mee Low= 
er ther the reluetance of sir or other meee genetic 


gubstarnces.e 


SUESTION #£2. Why is it impracticsl to state the reluectivity of any 
particular grade of iron steel? | 
meosition 


ANSWER f2e2_. In @ given sample of iron cr steel, +t ao 
the reluetance wil’ 


and breatnent of which is mnewn, 

vary with the degree to wnich it is magnetized, 
therefore it is impractical to state the reluctivi- 
ty of any Peep ca grade of iron or steel. 


thus it is impossible to state se constant for use wit! 
the formula for finding the reluctance of iron or 
steel, ss it is plain to ges that the reluctsanee of 
magnetic materials eae nena S bane? of electrical 
conductors and evex frem the reluctsnce of none-me ge 
netic materials. 


SUESTION #£3. What is the unit-piece magnetic and non-msgnetie sub- 
stance? Give exrlanation. 


ANSWER #23, The wunit-rieee magnetie and nonemagnetic substance is 
the ss aac r cubee In computation of electrical 
resistance, a constant is used, teing the resistane: 
of one milefoot (the unit) of that particular mate x: 
ial. penitent: in computing reluctance, we must 
know the reluctance of one unit of material, so we 


find the reluctance of ane centimeter cube. 


Sy 
vert 


CUESTION #24. Explain briefly magnetizing~forca. What symbol ig it) 


ANSWER 


CUESTION #25. What is the unit and 


ANSWER 


represented by? 


#24. Vagnetizing-force is the mesnetiec pressnre necessary 


#256 


TUESTION #26. 


ANSWER 


 UESTION 


#266 


$2! 


& 


te send a given number of lines through 9 eertim- 
ter of a megnetic circuit. The value of this tagne 
tizing-force is stated in gilberts ver certimeter, 
and is represented by the letter He It can be som= 
pared to the voltage required te send a given elec 
trie current through ea mile cf wire of given dimen 
sions, cr in otner words the voltage drop per mile 
of wire. So, it is pessible to call the gilberts 
necessary to send a given number of lines through 
a centimeter of magnetic circuit, the megnetic 
pressure drop per cetitimeter ef ths materiale To 
find the total magnetic pressure, if the magnetize- 
ing-force and the length ef the circuit is knewn, 
multiply the magnetizing-force by tne lengthe 


aq 
3 < 
3 
ms . % sy ce et 2 3 Y ry 5 “ ov. ayy & & 
degree of magnetization? Define the unit. 


is the gausse, and is represented by the letter 3B. 
It is the value of the lines of force per square 
centimeter, corresponding to amperese per square 
inch cross-section of an electric eircuit. 


Sxplain briefly ms2znetization curves or B-H curves. 


Sinege it is impossibie to state = constant for the 
reiustance of a ceritimeter cube sf a magnetic sub= 
Starice, on account of the chenge in reluctance due © 
to the degree of magnetization, eurves are plotted 
showing the actual number of gilberts neacessary to 
set up a given number of lines per square centimet-~ 
er in the material. We mizht plot these eurves show. 
ing the value of the reluctance fer any degree of 
magnetization, but it saves us much effort to hare 
the enurves plotted in gzilberts ver centimeter and 
lines per square cantimeter, and, to find the reluce. 
tance it is only necessary te divide the gilberts 
per centimeter by the lines per square centimeter. 
{This gives ua the reluctance cf 2 centimeter cube 
of the material) So to find the reluctange of the 
magnetie cilreuit, we proceed as in computation of 
resistance cf a material in an electrical circuit, 
le., resistance of a mnilfcot of material, times the 
length cf the material, divided by the cross sectio 
area of the material; similarly in magnetic circuits 
reluctance of a certimeter cube, times the length o: 
the material in centimeters, divided by the cross= 
section area in square eentimeters. 


Show slgesbrsie symbols and equations: for computing 
magnetic pressure, when the length cf the magnetie 
circuit and gilberts per centimeter sre known. For 
computing magnetie current cr flux when lines per 
square centimeter in the matsrisl snd areas of the 
material sre known. 


ANSWER #276 Formula: 


Fe BL 
Where: FP = Magnetic pressure in gilberts. 
H = gilberts per centimeter. 
L = Length of magnetic circuit. 
Formula: 6 = BA 
Where; © = Magnetic lines of force. 
B = Lines per square centimeter, in gaus 
& = 


Crese section srea in square centimnet 
erg 


ia 
2 


TWESTION #88, Sompute using B-H curve: grietic circuit made up of 
annealed sheet steel piea 3. having an average length 
of the long sides of S centimeters snd ef shcrt sides 
af 4 cantimeters. Zach side is 3.5 sentimeters wide. 
The pile of sheets is 2.8 centimeters deep. If 90,000 
lines are te ba set up in this core, how many ampere- 
turns are needed in the coil? Subtract 9% from the 
depth to sllow for insulation between the sheets. 


ANSWER #28, Area = 2,8 x .91 % 3.5 = 8,918 square cetitimeterse 


“45000 
are 
B= BA Bess one = 10G91.958 gausses. 
2 eZ af 
40459 


HK for 10091.958 ga nases, annealed shest steel, using 
BeH curve equals 2.5 gzilberts per centimeter. 
P 


= 25 


ag 
nN 
e 
OT 
va 
0% 
ag 
oC 
CS 
og 
o 
| oan 
os 
@ 
kK 
ct 
és) 
° 


¥ 60 
1.26NI =F .. NI ® a — =~ 47,619 7.619 smpere-turne, 
iecée 1.26 Ans, 
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CUBSTION #29. What are the relations of flux, reluctance snd msgnet- 
ie pressure in series msgnetic circuits? 


"f oe : 


ANSWER #29, Series maxznetic ollew the sare ise s a8 sere 
ies electrical That is, the flux is the 
through all pa circuit, although the flux 
jenslty of the ? bs different (If the cross- 


: im one place than ancther the 
flux density will be less in that pertion): the ree 
lugtanee of a series circnit is the sum of the re-= 
luctances of the several narts: and the magnetic 
pressure necessary to send a certain magnetic flux 
through 2 series eireuit is the sum of the magnetic 
agsary to send it through the several 


y series magnetic circuits? Parallel 
u 


whieh fee oF more 
udem With eash cthar 
pressure, such s 


ANU 
0008 tnt 


SUESTION #31. What 


ANSWES 


A 


The bitolar (or multipolar) 


the srmature, air gaps, and the iren ccre poles of 
a bipolar dynamo. In this case the armature hag 

a Yeluctance, the air garg have s reluctance, sna 
the irom eeres of the poles have reluctancee Allo 
these reluectances are in ssries with ech other an 
with the source of msgnetic pressure. A bipolar 
dyname (cr a multipolar} siso eonsists of a paral- 
lel cirsuit in series with the series circuit. Thi 
comes under the definition of parsilel magnetic si 
eultse 


parsilel magnetic circuit is one in which twe or 
more reluctances are sids by side or in shunt with 
each other and with the souree of magnetic pressur 
The flux in a parallel magnetic cireuit is the sum 
of the flux in the separate branches. “he relucte 
ance of @ paralisl circult is the reciprocal of the 
gums of the reciprocais sf the reluctanees of aach 
branch: and the magnetic pressure is the same in 
h branch, 


G@ynamo described above, 
is a combination of a series and a psrallel magnet« 
ie circuit; a series parallel circulte. in this case 
North pole, the armature, the South pole and 


the two air gaps are in series and carry the whole 
flux. The top and bottom of the gireular frame, 


eonnection the North role 
in yarallel with each other and with the source of 
magnetic presaure, ard since the reluctance cf the~ 
ge two parts of the frame are about @yuual, the flux 
divides in two parts. The magnetic pvressure neces~ 
sary to force a flux threugh this combination is 
equal to the pressure necessary to force the full 
flux through the two poles, armature, ard air gaps, 
plus the pressure necessary to force half this flux 
through eithsr the top or bottom part of the frame, 
as the same pressure whick force this half flux 
through either the top or the bottom, force the 
other helf of the flux through the other parailel 


with the South pole, ars 


is mesnt by ssturation point? 


#31. There are two stages of magnetisstion. The first sta- 
ze is that during which it is ¢ccomparstively easy to 
add lines of foree to the material. The second stags 


This is evident from a B-H eurve. 


is e¢slled the saturation point. The saturation point 
is that point beyond which it is usually unprofite 
able to magnetize the material because of the great: 
ly increased difficulty in setting up lines of fore 
tach curve hss a 
peculiar shapee It is seen that in order to set up 
a few lines of force, a relatively smell number of 
gilberts per centimeter is needed, but it becomes 
increasingly aifficult to set ur further lines. The 
point at which the curve vends into a nearly straig: 
ht line rumning almost hcorizgentally is the satura- 
tion point, and is the peint beyond which it is 
unprofitable to magnetizse a materiale 


\ 
SUESTION #32. Explain the relation of permeability to flux density 


ANSWER #328. It is possible to state the facts cutlined in the 
previous question, in a different way. We might 
say that in the first etags of magnetization, as 
far as the saturation point, the reluctivity of 
& magnetic material is guite low, but beyond that 
point the reluetivity wiil increase rapidly until 
it is equal or nearly equal te the reluctivity of 
a rionemagnetic msterial auch as air. But it is cus 
temary to state it in terms of permeability, which 
is the reciprocal of reliuctivitye Since reluctivty 
is the ratio of the pressure te the iines of force 
in a centimeter cube of ths material, vermeability 
will be the reciprocal or the ratio of the lines t 
the pressure. The value of permeability is the num 
ber of lires set up in a centimeter cube by one gi 
berte If we let a symbol whizh looks something lik 
a small u, stand for the permeability, and since 
the symbol for gilberts ver centimeter (magnetizin 
force) is B, and the symbol for lines of force per 
square ceritimeter (flux density), the algebraic 
equation for permeability iss: 


R 
ued 

Wheres u = Permeability. 
B= Gilberts per centimeter. 
K = Lines per square centimetere 


CUESTION #33. How is the traction force of eleetromagnets computed? 


ANSWER #33. To compute the traction force of an electromagnet, 
that is, the attraction or pull of the magnet upon 
a piece of iron or steel, the following formula is 


used: 
es ae 
a he 8.94 BY A 
108 
Where: 


Pull of electromagnet in pounds, 
FPlux density in air gap in g@ausses,. 
Area of sir gap in square centimeters. 


b> bg hy 
09 8a ga 


SUESTION #34. Draw TL Transmitter. 


ANSWER #34+ See diagram on separate sheet. 


